Bitter gourd (Momordica charantia L.) possesses anti-fungal, anti-bacterial, anti-parasitic, anti-viral, anti-fertility, anti-tumorous, hypoglycemic properties etc., The objective of the present work is to encapsulate homogenized bitter gourd extract using spray drying technique. The homogenized bitter gourd extract is obtained by high pressure homogenizer at 300 psi and it is spray dried using wall material such as maltodextrin and gum acacia in varied core to wall ratios (1:2 & 1:3) and different drying inlet air temperatures 140°C and 160°C. The physico-chemical analysis like phyto-chemical screening, colour, bulk density, tap density, water activity, water solubility were determined for the encapsulated bitter gourd extract powder. The optimized encapsulated bitter gourd extract powder was core to wall ratio 1:3 and drying inlet air temperature 160°C.
Bitter gourd (Momordica charantia L.) is a popular vegetable in Southeast Asia. It is a member of the 'Cucurbitaceae' family. Depending on location, bitter gourd is also known as bitter melon, karalla. The immature fruits and tender vine tips are used in a variety of culinary preparations. The fruit of M. charantia is commonly known for its remarkable bitter taste, so the fruits are soaked in salt water to remove some of their bitterness and then boiled, fried or pickled. Bitter gourd contains phyto-nutrients like charantin, linoleic acid, momordicins, oleic acid, oxalic acid, trypsin inhibitors, lycopene, â-sitosterol-d-glucoside and pipecoloc acid 1 . So medicinal value of bitter gourd accounts for anti-diabetic, anti-inflammatory, anticancer, anti-tumor, anti-microbial and has cholesterol lowering effect. Many value added products of bitter gourd are available like tablets, tea, syrup and powder for its tremendous medicinal values.
High pressure homogenization is a technology in which fluid is pumped through a narrow gap valve using high pressure intensifiers, which increases velocity resulting in depressurization with consequent cavitation and the particles, cells and macromolecules suspended in the fluid will get reduced particle size due to high mechanical stress 2, 3 . Microencapsulation is described as a technique wherein a bioactive compound is encapsulated by a biopolymer, thereby protecting it from oxygen, water or other conditions to improve its stability 4 . This method is also used to change liquid solutions to powders, which are easier to handle and which enhances the shelf life of the product. Drying by atomization, or spray drying, refers to the removal of moisture from fluid material (solution, dispersion or paste) by breaking it into small droplets in the presence of hot air to obtain a dry powder. In the spray-drying process, the liquid feed is pumped into the drying chamber through an atomizing system 5, 6 . It results in powders with good quality, low water activity, easier handling and storage and also protects the active material against undesirable reactions. Both wall material selection and emulsion properties can affect the process efficiency and the microencapsulated product stability. Microencapsulation using this technique has been around for decades in diverse industrial processes to obtain dehydrated materials in the form of fine powders, and it is the most used method in the food industry 7, 8 .
MATERIALS AND METHODS

Chemicals
Chloroform, sulphuric acid, potassium permanganate, Mayer's reagent, sodium hydroxide, Benedicts's reagent, ferric chloride solution, ethanol, distilled water, maltodextrin and gum acacia.
Collection of vegetable
Bitter gourd (M. charantia L.) was purchased from local markets of Chennai, India. The vegetable was brought to the laboratory and rinsed with water, surface sterilized and refrigerated for further processing.
Preparation of Bitter gourd extract
The process started with selection of bitter gourd which is visually green colour and absence of yellow colour, hardness and overall condition of bitter gourd (no bruise). The vegetable was washed, peeled and seeds are removed, sliced into small pieces. The bitter gourd pieces were subjected to grind using a blender along with addition of an appropriate amount of distilled water to make bitter gourd extract. The prepared bitter gourd extract was subjected to High pressure homogenizer (Model -Panda 2K) at pressure 300psi.
Wall material preparation
Different concentrations of wall materials were prepared, 50% maltodextrin and 20% gum acacia in 100ml distilled water separately.
Core to wall ratio
The fifty grams of homogenized bitter gourd extract was mixed with 50g of 50% maltodextrin concentration and 50g of 20% Gum acacia concentration to prepare core to wall ratio of 1:2. Similarly core to wall ratio of 1:3 were prepared.
Preparation of feed emulsion for Spray drying
The feed emulsions were prepared by blending the desired core and wall material in shear homogenizer (Indofrench Industries Engineers, Mumbai, and Model type SPM-9) for 5 min. Tween 80 was added to aid emulsification process 9 .
Spray dryer
Tall type Spray dryer was used for spray drying process with two different drying inlet air temperatures, 140°C and 160°C and outlet air temperature was 95°C. The pressure of the compressed air flow of the spray was adjusted to 350 kPa 10 .
Phytochemical screening
The encapsulated bitter gourd extract powder is reconstituted using water and 2ml was taken separately for preliminary phytochemical examination 11 as follows:
Test for Alkaloids
Dilute hydrochloric acid was added to the samples and filtered. Mayer's reagent was added to the filtrate resulting in alkaloid precipitates, indicating the presence of alkaloids in the samples.
Test for Reducing Sugar
Dilute sodium hydroxide solution and Benedict's solution was added to the samples, resulting in brick-red precipitate, indicating the presence of a reducing sugar.
Test for Tannins
Few drops of ferric chloride solution was added to test sample, a deep blue color was produced indicating the presence of tannins.
Test for Charantin
Decolourisation takes place when samples are added to dilute potassium permanganate
Test for terpenoids
To the sample, 2 ml of chloroform is added and 3 ml of con. H 2 SO 4 was then added to form a layer. A reddish brown precipitate at the interface formed indicated the presence of terpenoids.
Test for flavonoids
To the samples few drops of 20 % sodium hydroxide solution is added resulting in yellow colour which on addition of sulphuric acid changes it into colorless shows the presence of flavonoids.
Test for carotenoids
To the samples, 10 ml of chloroform is added in a test tube and mixed thoroughly. The resulting mixture was filtered and 85 % sulphuric acid was added. A blue colour at the interface showed the presence of carotenoids.
Colour
The Colour determination was carried out using a Hunter lab Color Quest (Model, XE 3399) with a white tile as standard and all samples were analyzed. The Hunter 'L', a* and b* values were measured, where 'L' indicates lightness, a* indicates redness (green to red) and b* indicates yellowness (blue to yellow). Triplicate readings were recorded for all treatments.
Density
The bulk density measurement was done by dropping the powder in a container of defined size such as a measuring cylinder 10 ml and the volume is noted. The tap density measurement was done by measuring the volume in the cylinder after mechanically tapped to get the constant volume 12 . Bulk density = Powder mass/volume of powder Tap density = Mass of the powder / Final tapped volume Water activity Water activity was determined by Novasina Lab Swift water activity meter.
Water Solubility
Encapsulated bitter gourd extract powder of 1g was mixed with 10ml distilled water in a centrifuge tube. The centrifuge tube is heated to 80ÚC for 30 minutes with continuous shaking. The tube is removed from the bath, wiped dry, cooled to room temperature and centrifuged for 15 minutes at 2200 rpm. The supernatant is evaporated, and the residue is weighed to determine the solubility. Solubility is determined using the formula: Solubility % = (weight of dry sample in supernatant/weight of original sample) X100
RESULTS AND DISCUSSION
Phytochemical Screening
The results in Table 1 show the phytochemical screening of encapsulated bitter gourd extract powder. The test indicated that the encapsulated bitter gourd extract powder showed the presence of phytonutrients but the core to wall ratio 1:2 at spray drying inlet air temperature 160°C lacks reducing sugar 1 and flavonoids as they may be because of high temperature and low core to wall ratio.
Colour
The results in Table 2 show the colour values for encapsulated bitter gourd extract powder which indicates that as spray drying inlet air temperature increases colour decreases and as core to wall ratio increases colour increases. This is because more wall material leads to high adherence of sample to wall material and maltodextrin concentration has impact on colour of the powder 13 . Density Table 3 shows the values obtained for the encapsulated bitter gourd extract powder. The bulk density decreased with the increase in the spray drying inlet air temperature 14 . Similarly, the increase in the inlet air temperature resulted in the decrease of tapped density 15 . Table 4 shows the water activity of the encapsulated bitter gourd extract powder. Water activity has a slight difference and the values were ranging from 0.30 to 0.35 which indicates that the powder is microbiologically safe 16 .
Water activity
Water Solubility
Solubility is important for powder products in order to reconstitute the product. Mostly starch derivatives have high solubility. Maltodextrin, a derivative of corn starch is used as wall material so as the concentration increases solubility of the powder increases 17 . Table 5 shows the water solubility of spray dried bitter gourd extract powder.
Optimization
The process parameters were optimized by giving the desirability to all responses and the optimized parameter were core to wall ratio 1:3 at drying inlet air temperature 160° C.
CONCLUSION
The present work evaluated the quality of the encapsulated bitter gourd extract powder by determining its colour, presence of phytonutrients, water activity, bulk density, tap density and water solubility. The optimized encapsulated bitter gourd extract powder can be incorporated in food.
